OBJECTIVES: Women are the minority among patients with spontaneous pneumothorax, but catamenial pneumothorax (CP) is unique to them. We aimed to clarify the clinical characteristics of female patients with spontaneous pneumothorax using a nationwide database.
INTRODUCTION
Spontaneous pneumothorax is a common disease that mostly affects men [1] [2] [3] [4] [5] [6] . Being thin and tall in stature is a risk factor for spontaneous pneumothorax among young men [7] [8] [9] ; the clinical features of pneumothorax among women remain unknown.
Catamenial pneumothorax (CP), a type of female-specific pneumothorax, is defined as recurrent pneumothorax that occurs within 72 h of menstruation [10] . Although there are several reports of female pneumothorax, including CP, the difference in the characteristics of pneumothorax between men and women remains unclear. This is because most reports are based on relatively small amounts of data collected from a single institution, or only from surgically treated patients [10] [11] [12] [13] [14] .
In the present study, we aimed to use large-scale data from a national inpatient database in Japan to examine the differences in patient backgrounds (i) between men and women with pneumothorax and (ii) between CP and other types of pneumothorax in female patients of reproductive age.
MATERIALS AND METHODS

Data source
For this study, we used the Diagnosis Procedure Combination database, a national administrative claim and discharge abstract database in Japan. The details of this database have been described elsewhere [15] , and numerous clinical studies based on this database have been published [16, 17] . Data collection for this registry has only been consecutive since July 2010, and approximately 8 million inpatients are entered into the database each year, a number that accounts for approximately 55% of all acute-care hospitalizations in Japan. The database includes the following data: patient age and gender; main diagnosis, comorbidities at admission and complications after admission, recorded according to the International Classification of Diseases 10th Revision (ICD-10) and text data in Japanese; procedures coded with the Japanese original coding system; body height and weight and smoking status.
The present study was approved by the Institutional Review Board at the University of Tokyo (No. 3501). The requirement for informed consent was waived because of the anonymous nature of the data.
Patient selection and data
We identified patients with pneumothorax or CP as the main diagnosis or comorbidity occurring between 1 July 2010 and 31 March 2016. The case selection and definition for each group are presented in Fig. 1 . Patients with pneumothorax were identified with the ICD-10 code J93 ('pneumothorax'). Patients with CP were identified with code N948 ('other specified conditions associated with female genital organs and menstrual cycle'), along with the text data 'catamenial pneumothorax' written in Japanese. We excluded 'suspected pneumothorax', iatrogenic pneumothorax (T812) and traumatic pneumothorax (S27). Cases in which a patient was rehospitalized in the same facility were recognized by the patient's unique hospital identification number as a returning patient, and data could be aggregated. However, if a patient was rehospitalized in a different institution, then data would be seen as 2 separate cases because the patient would have been registered under different hospital identification numbers at different hospitals.
Patient background data included age, underlying diseases, body mass index (kg/m 2 ) classification [18] , the affected side and smoking status (current/ex-smokers or non-smokers). Underlying diseases included chronic obstructive pulmonary disease, interstitial pneumonia, primary lung cancer, lung metastasis, asthma, tuberculosis, sarcoidosis, Marfan syndrome, Ehlers-Danlos syndrome, Birt-HoggDubé syndrome and lymphangioleiomyomatosis. We compared the backgrounds of male and female patients.
We classified female patients into the following 3 age categories: young (13-30 years), middle aged (31-53 years) and aged (>53 years). We compared the background of patients with the number of hospitalizations among these 3 categories.
We also compared patient background, cases of endometriosis (any endometriosis and thoracic endometriosis) and the number of hospitalizations and treatments (chemical pleurodesis and surgery) between CP and other types of pneumothorax in female patients of reproductive age. Surgical procedures included lung resection, thoracoscopic lung resection, diaphragm resection and suture and resection of the parietal pleura. Reproductive age was defined as 13-53 years, according to the age distribution of CP in the present study.
Statistical analysis
The Mann-Whitney U-test or Kruskal-Wallis test was used to compare continuous variables (age and number of hospitalizations) between the groups. The v 2 test was used to compare the categorical variables (underlying diseases, body mass index classification, affected side, smoking status, pleurodesis and surgery). After conducting a multivariate analysis of the risk factors for CP in female pneumothorax of reproductive age, we performed a logistic regression analysis and calculated the odds ratios and 95% confidence intervals. The threshold for significance was P-value <0.05. All statistical analyses were performed using SPSS Statistics version 22.0 (IBM SPSS Inc., Armonk, NY, USA).
RESULTS
From all inpatient data (42 million hospitalizations), we identified 192 858 hospitalizations with ICD-10 code J93. After iatrogenic and traumatic cases (84 and 964, respectively, with 1 overlap) and suspected pneumothorax cases were excluded, identical patient cases were aggregated. Ultimately, we identified 157 087 eligible patients with spontaneous pneumothorax, including 129 371 (82.4%) male patients and 27 716 (17.6%) female patients (Fig. 1) . In terms of the total number of cases, the most common underlying disease was chronic obstructive pulmonary disease, especially among male patients. Male patients were significantly more likely to have primary lung cancer than were female patients, while female patients were significantly more likely to have interstitial pneumonia, asthma, lung metastasis, tuberculosis, sarcoidosis, Marfan syndrome, Birt-Hogg-Dubé syndrome, CP and lymphangioleiomyomatosis (Table 1 ). Lymphangioleiomyomatosis and CP accounted for 0.9% and 3.1% of female pneumothorax, respectively. The female patients with pneumothorax were thinner than were the male patients with pneumothorax. There was no apparent laterality in male patients (right, 27.1%; left, 26.7%), whereas female patients with pneumothorax appeared to exhibit right-sided dominance (right, 22.6%; left, 18.2%). Among the male patients, approximately half were current or ex-smokers.
The age distribution of all patients was biphasic (Fig. 2A) ; the age distribution of male patients alone was also biphasic (Fig. 2B ). For both groups, the younger peak was observed at 18 years, and the older peak was observed at 79 years. In contrast, the age distribution of female patients had a peak around 40 years, in addition to peaks at 18 and 80 years ( Continuous data are presented as the mean ± standard deviation; categorical data are presented as the n (%).
The ages of patients with CP ranged from 13 to 53 years, with a peak around 40 years (Fig. 2D ). Figure 2E shows the age distribution of female patients without CP. The peak around 40 years of age was not diminished by the exclusion of patients with CP. The characteristics of female patients with pneumothorax according to age group are shown in Table 2 . Focusing on the fact that there were 3 age peaks for female patients, we subdivided the adult female pneumothorax patients into 3 groups-young (premenopausal, younger): 13-30 years; middle-aged (premenopausal, older): 31-53 years and aged (postmenopausal): >53 years. The aged group was more likely to have most of the underlying diseases, while the proportion of patients with Marfan syndrome was highest in the young group and that of CP was highest in the middle-aged group. The proportion of underweight patients was highest in the young group. The middle-aged group had the highest smoking rate. Table 3 presents the comparison between CP and other types of pneumothorax in female patients of reproductive age. The average age of patients with CP was significantly higher than that of patients with other types of pneumothorax. The proportions of underweight patients and smokers were significantly lower in the CP group. All types of endometriosis and thoracic endometriosis were found in 28.8% and 9.4% of CP patients, respectively. In contrast, the 2 types were found in 1.4% and 0.0% of patients with other types of pneumothorax, respectively. In both groups, the right side was more commonly affected; however, the tendency was stronger in the CP group (CP: right, 64.9%; left, 6.5%; Other: right, 32.7%; left, 30.4%). Female patients with CP were more frequently hospitalized than other pneumothorax patients (mean number of hospitalizations: 1.6 ± 0.9 vs 1.3 ± 0.6, P < 0.001). Patients with CP were also more likely to undergo pleurodesis (8.5% vs 4.5%, P < 0.001) and surgical treatment for pneumothorax (57.1% vs 37.3%, P < 0.001) compared with patients with other types of pneumothorax. Patients with CP required multiple surgical treatments more frequently than did those with other types of pneumothorax (7.6% vs 5.4%, P < 0.001).
We performed a multivariate analysis to determine the predictors of CP in female pneumothorax of reproductive age (Table 4) . Being aged >25 years (especially 36-45 years), having coexisting endometriosis, right-sided pneumothorax or a history of hospitalization for pneumothorax was associated with a higher probability of having a CP diagnosis; however, being under-or overweight or a current or ex-smoker was associated with a lower probability of having CP.
DISCUSSION
The present study investigated the differences in patients with spontaneous pneumothorax according to sex. The male-to-female ratio in the present study was 4.7:1, which was consistent with similar ratios reported previously [1] [2] [3] [4] [5] [6] . The present study showed a biphasic age distribution for all patients and for male patients alone and a triphasic distribution for female patients. The reason the age distributions for both total and male data sets were biphasic was that men comprised more than 80% of the cohort. A previous epidemiological study reported that female idiopathic pneumothorax was most common in the 3rd decade of life and that secondary pneumothorax was more common in the 4th decade of life [3] . In a study of the French national inpatient database [6] , age distributions for both men and women had 2 peaks; among women, the 1st peak of incidence was older than that of men and incidence remained stable up to 40 years. The present study confirmed that the age distribution of female pneumothorax had a distinct peak around 40 years, along with those at 18 and 79 years; the latter 2 peaks exactly matched those seen in men. The present study also showed that the peak age at which CP occurred was around 40 years, a finding that is consistent with those in previous reports [11, 13] . CP and pneumothorax related to lymphangioleiomyomatosis are unique to women of reproductive age. However, the present study showed that the number of these diseases diagnosed was insufficient to account for the peak that was observed around 40 years of age. The fact that the 3rd peak was maintained even without CP patients suggests that the number of CP cases was underdiagnosed in the data set.
CP is clinically defined as recurrent pneumothorax that occurs within 72 h of menstruation [10] . Some patients with CP have histologically demonstrated ectopic endometrial tissues on their diaphragms or pleura, although others do not [10, 11, 13] . When histological findings of thoracic endometriosis are observed in a patient with pneumothorax, she is diagnosed as having thoracic endometriosis-related pneumothorax (TERP), regardless of whether the onset of pneumothorax met the criteria for CP [19] . Because these diagnoses are not stated definitely in the ICD-10, CP may have included both original CP and TERP in the present study. The present study showed that the proportion of CP was 3.1% among all cases of female pneumothorax. Previously reported proportions of either CP or TERP among all cases of female Continuous data are presented as mean ± standard deviation; categorical data are presented as n (%).
pneumothorax have varied widely. According to a Japanese nationwide study on female pneumothorax in 1986 [3] , only 0.9% of all patients with pneumothorax and 2.8% of patients with secondary pneumothorax had CP. The most common cause of secondary pneumothorax at that time was pulmonary tuberculosis. In several previous studies of surgically treated patients [10-14, 19, 20] , 21-23% of the female patients with pneumothorax had CP or TERP [12, 19] . Among the patients of reproductive age [10, 11, 13, 14] , 24-41% had CP or TERP. In our latest nationwide study, CP accounted for only 7.5% of the cases of pneumothorax in female patients of reproductive age. Even considering that these previous studies only included surgically treated patients in expert centres and, therefore, selection bias was inevitable, CP might still be underdiagnosed by general clinicians. The present study showed a lower proportion of underweight patients with CP than with other types of pneumothorax. However, approximately one-third of the patients with CP were classified as underweight, a proportion that was much larger than that of healthy Japanese women (14.5%) of the same age [21] . This implies that patients with CP are generally thin, similar to patients with endometriosis [22] . In our study, 28.8% of CP patients had endometriosis. Previous studies have shown that the proportions of patients with pelvic endometriosis among those with CP or TERP vary broadly, with values ranging from 18.0% to 58.7% [19, 20] . We speculate that the diagnosis of endometriosis may have been under-reported, possibly because most of the clinicians who treated CP were not gynaecologists.
CP is known to be a right side-dominant pneumothorax, and left-sided CP was very rare in previous small studies [11] [12] [13] 19] . Our results showed that left-sided CP was rare, but certainly existed. It should be noted that male pneumothorax had no apparent laterality, whereas female patients of reproductive age without CP still appeared to exhibit right-sided dominance. Thus, in the non-CP group, there may have been some patients with underdiagnosed CP.
We found that patients with CP were more frequently hospitalized than were other female pneumothorax patients. In other words, they were more likely to experience recurrence than those with other types of pneumothorax. Surgical interventions were more frequently performed on CP patients to stop air leakage and/or to confirm histological diagnosis; however, repeat surgery was required more frequently in these patients than in patients with other types of pneumothorax. On the other hand, less than 10% of CP patients underwent chemical pleurodesis. Because our data included only chemical pleurodesis (by talc powder, minocycline or picibanil) but did not include autologous blood pleurodesis or pleural ablation, more procedures would have been performed than present results indicate. In Japan, pleurodesis treatment for pneumothorax is not actively performed, except in patients with high surgical risk; this is because many surgeons have concerns regarding difficulties associated with reoperation after pleurodesis [23] . For recurrent CP, some surgeons perform surgical pleurodesis using an absorbable mesh [24] . In Western countries, the standard practice is to perform pleurodesis after the second episode of pneumothorax, and talc pleurodesis has been reported to provide better results in terms of preventing recurrence of CP than pleural ablation [11] . The effectiveness of pleurodesis for CP should be reconsidered. Continuous data are presented as mean ± standard deviation; categorical data are presented as n (%). Several previous studies have determined the predictors of CP and TERP. They identified several factors as predictors: age (>28 years [25] or > _31 years [19] ), never smoked [19] or not a current smoker [25] , a history of pelvic endometriosis [19] , right-sided pneumothorax [19] , infertility and a history of pelvic surgery or uterine scraping [25] . Indeed, these factors were strong predictors, but because of the small sample size and because CP had likely been underdiagnosed, they may have missed other suspicious features of CP. We found that the independent predictors of CP in female pneumothorax of reproductive age were as follows: aged >25 years (especially 36-45 years), normal weight, never smoked, coexisting endometriosis, right-sided pneumothorax and a history of hospitalization for pneumothorax. To prevent underdiagnosis of CP, we should take detailed anamneses and pay particular attention to female pneumothorax patients presenting with these factors.
Limitations
Several limitations of the present study should be acknowledged. First, as the large database used in this retrospective study is primarily intended for the request of medical fees, some data may not have been as well-validated as data in planned prospective studies, particularly for categories such as comorbidity, the affected side and smoking status, which are not directly related to any medical fee. For example, the amount of missing data pertaining to the affected side was large (25.3-55.9%), and whether or not data were truly missing at random was unverifiable. Second, the database did not include outpatient data, and we were, therefore, unable to follow-up patients after discharge unless they were rehospitalized at the same institution for a second episode of pneumothorax. Assuming that this limitation was the same among the groups, it is acceptable to compare the mean numbers of hospitalizations instead of the tendency of recurrence. Because the proportion of CP in female pneumothorax may be underestimated in our study, we would like to leave the precise comparison between idiopathic spontaneous pneumothorax and CP to future research based on detailed medical history taking and accurate pathological diagnosis.
CONCLUSION
In conclusion, the present large-scale study using a national inpatient database showed a distinct difference in age distribution of pneumothorax according to sex. We confirmed that the age distribution of all female patients with pneumothorax had a distinct peak around 40 years of age, along with those at 18 and 80 years. CP had different characteristics and thus requires different treatment strategies compared with other types of pneumothorax in women of reproductive age.
